Three dimensional computer aided reconstructions of pulmonary vessels were used to investigate the distribution of vascular changes and the formation of collateral channels in 11 patients with congenital heart disease. In the patients with less severe grades of hypertensive pulmonary vascular disease obstructive changes were unevenly distributed, whereas in those with disease of grade 4 or more distribution became more even. Plexiform lesions occurred rather more frequently in supernumerary arteries arising laterally from a large parent vessel, whereas cellular or fibrous intimal thickening tended to affect dichotomous branches at the periphery. Hypertensive changes were confined to arteries of 100-150 gim diameter running along the necks of acini. Various types of collateral channels were found. In particular, the reconstructions suggest that pulmonary arterial blood at high pressure could flow into bronchial arteries via proximal bronchopulmonary arterial anastomoses, and thence by way of dilatation lesions to the alveolar capillaries.
In congenital heart disease associated with a large left to right shunt the pulmonary arteries undergo a series of changes that may be graded according to their severity. Pulmonary vascular resistance increases in parallel. Grade 1 and 2 disease is characterised by medial hypertrophy and intimal cellular proliferation respectively and is reversible. Later, with the development of intimal fibrosis, plexiform and dilatation lesions and necrotising arteritis (grade [3] [4] [5] [6] disease), the damage to the pulmonary vascular bed becomes irreversible. [1] [2] [3] Although the morphology of these changes is well documented,'-3 their pattern of distribution has not been established. In some patients it appears to be patchy, whereas in others the greater part of the vasculature seems to be affected. Clearly, if there is uniform obstruction of the pulmonary arterial tree, blood flow could not be maintained without the development of collateral vessels; but what form these collaterals take and where they are situated is uncertain. It prepared from each block and stained by the elastica-Goldner method. An area from each set of serial sections was magnified and projected on to a sheet of tracing paper by means of a profile projector (Nikon, model V-16C); the outlines of the arterial and venous vessels and airways in the area were then delineated. This process was repeated at intervals of 5-10 sections until a consecutive series of 100-200 traces had been prepared. A magnification of 20 or 50 was used for studying the distribution of arterial lesions and collateral vessels and 200 for examining the internal structure of plexiform lesions.
The traces were then integrated into a three dimensional picture by means of a computer system developed in our department with the cooperation of the Olympus Optical Company.9"0 This system enables a three dimensional image to be created at any angle of rotation around the x, y, and z axes, thus allowing the operator to obtain the desired view. (table 2) . The degree to which the vascular bed was narrowed varied in the advanced cases. In case 11 (fig 2) , for instance, about 10% of the acinar arteries remained patent, whereas in case 10 obstruction appeared to be complete.
DEVELOPMENT OF BRONCHOPULMONARY ARTERIAL COLLATERALS
Reconstructions from the nine patients with grade 4 lesions showed various ways in which dilatation lesions communicate with vessels in and around the acinus (figs [4] [5] [6] .
Usually, a dilatation lesion started distal to an obstructive focus, ran in interacinar tissues towards a pulmonary vein radicle, and then dissipated in the alveolar capillaries in the perivenous zone of the acinus (figs 4 and 5). Other components of dilatation lesions lay in peribronchiolar tissues, and then joined peripheral segments of bronchial arteries running parallel to a terminal or respiratory bronchiole (figs 4 and 6). A small portion also approached the parent pulmonary artery and joined its vasa vasorum, which are also derived from the bronchial arterial tree (figs 4 and 6). in diameter (fig 7) . These connecting vessels, which were free from any hypertensive changes, communicated with the arterial plexus of the subsegmental bronchi (figs 6 and 7).
Discussion
The results of this investigation show that obstruction of the pulmonary vascular bed is only partial in grade 2 and 3 disease, and that even in grade 4 artery, the number and size of bronchopulmonary anastomoses increase,""'0 leading to an increase in systemic supply to the pulmonary capillaries. Bronchopulmonary anastomoses also develop in chronic inflammatory lung disorders such as tuberculosis, abscess, and bronchiectasis,21 22 and in these patients bronchial arterial flow is also considerably increased.2"5 There is, however, no increase in bronchial arterial blood in the pulmonary PA Figure 6 Schematic drawing illustrating the reorganisation of the pulmonary circulation in advanced hypertensive pulmonary vascular disease. Blood reaches alveolar capillaries via small remaining channels in the obstructive lesions or through bypass type collateral vessels by way of bronchial arteries (BA). In the latter bloodflows through a proximal bronchopulmonary arterial anastomosis (1), distal bronchopulmonary arterial anastomoses (2), andfinally anastomoses among dilatation lesions (3). circulation in cases of cardiogenic pulmonary hypertension, despite considerable obstruction of the pulmonary vascular bed. The results of this study suggest that in the pulmonary hypertension of congenital heart disease the bronchial arteries could function as "bypass type" collateral vessels. Because the pulmonary arterial pressure is high, blood is diverted from pulmonary to bronchial arteries via anastomoses that develop at a proximal, prestenotic site. It then flows through the bronchial arteries to dilatation lesions, and thence to the alveolar capillaries. The inflow of systemic blood is not increased; the bronchial arteries act merely as a bypass route. This haemodynamic pattern differs from that found in conditions of low pulmonary blood flow, such as Fallot's tetralogy, or in chronic inflammatory conditions, where the bronchial arterial pressure exceeds the pulmonary arterial pressure, producing a "compensatory" increase in blood flow (fig 8) 
